The effects of water-soluble and -insoluble indigestible saccharides (IDS) on immune responses of the intestinal tract were studied. Male 4-week-old Sprague Dawley rats were fed for three weeks on diets containing several kinds of IDS at 5%. The results revealed that the proportion of u-light chain and IgA-presenting lymphocytes in small intestinal and cecal mucosa differed in increased number depending on the type of IDS. The response of colonic mucosa was not pronounced.
Summary
The effects of water-soluble and -insoluble indigestible saccharides (IDS) on immune responses of the intestinal tract were studied. Male 4-week-old Sprague Dawley rats were fed for three weeks on diets containing several kinds of IDS at 5%. The results revealed that the proportion of u-light chain and IgA-presenting lymphocytes in small intestinal and cecal mucosa differed in increased number depending on the type of IDS. The response of colonic mucosa was not pronounced. The amounts of short-chain fatty acid (SOFA) and lactic acid in the cecal contents of the other test groups except the celfur group tended to be higher than those in the cellulose group, particularly in the lactulose group where many acids showed significant increases. The correlation between the proportion of k-light chain and IgA-presenting lymphocytes in the cecal mucosa and lactic acid in the cecal contents was significant, but that between the proportion of both lymphocytes and SCFA was not. Based on the above, we concluded that the oral administration of IDS induces the proliferation of K-light chain and IgA-producing B lymphocytes in small intestinal and cecal mucosa, but the degree of response differs depending on the type of IDS. It is thus suggested that IDS are involved in the intestinal immune system of rats. Dietary fibers (DF) are recognized as an important food component in terms of health benefits because of their many physiological functions and ability to maintain homeostasis of the living body. However, past reports on the relation between immune functions and DF are mainly concerned with in vitro studies or the peritoneal injection of polysaccharides (1-7), and there are only a few reports on oral administration. The relation between DF and the intestinal immune system, in particular, has hardly been elucidated. * To whom correspondence should be addressed .
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The intestinal tract has gut associated lymphoid tissues such as Peyer's patches (PP), which is responsible for local immunity against invasion of bacteria and viruses with mucosa acting as a sensitive site. B lymphocytes, T lymphocytes, antigen presenting lymphocytes, etc. are present in PP (8). B lymphocytes include K-light chain and IgA-presenting lymphocytes; the latter producing IgA, the principal anti body for immunization of the intestinal tract (9). 
MATERIALS AND METHODS
Animals, diets and rearing methods. Male 4-week-old Sprague Dawley rats were used (Tokyo Experimental Animal Science Co., Tokyo, Japan). The five types of IDS used for the experiments were cellulose (CP, Oriental Yeast Co., Osaka, Japan), arabic gum (AG, Wako Pure Chemical Co., Tokyo, Japan), celfur (CF, Nihon Shokuhin Kako Co., Tokyo, Japan), lactulose (LL, Nikken Kagaku Co ., Tokyo, Japan) and purified indigestible dextrin (PIDD, Sanmatsu Industry Co., Tokyo, Japan). CP was used as the control.
After one week of preliminary rearing on the basal diet (AIN-76) , rats were divided into groups of seven and given the following experimental diets (g/100g diet): casein 20, corn oil 5.0, DL-methionine 0.3, corn starch 15, vitamin mixture (AIN-76) 1.0, mineral mixture (AIN-76) 3.5, choline chloride 0.2, IDS 5.0 and sucrose up to 100. As some IDS induce diarrhea or soft stools, rats were acclimatized to a diet containing IDS at 2% in the first week, and then given the diets containing IDS at 5% for the following two weeks. In Experiment 2, the groups were reared on four IDS diets (i.e., PIDD was excluded). The feed and water were given ad libitum.
Separation of lymphocytes from intestinal mucosa and spleen. Rats were killed by withdrawing blood from the heart under pentobarbital anesthesia. The intestinal tract (the small intestine, cecum and colon) was extirpated, washed with cold PBS (pH 7.2), and cut open to separate lymphocytes with collagenase C-6885 (Sigma Chemical Co., St. Louis, MO, USA) (16) . Spleen lymphocytes were prepared by the method of Jiirgen et al (17) .
Analysis of lymphocytes by flowcytometer. Lymphocyte classes of the obtained cell groups were gated, and the proportion of K-light chain (T-039; Cosmo Bio Co., Tokyo, Japan) and IgA (MARA-I-F; Experimental Immunology Unit, Brussels, Belgium)-presenting lymphocytes were analyzed by a flowcytometer (Coulter Epics Elite, Coulter Electronics, Miami, USA) using monoclonal antibodies labeled with fl uorescent isothiocyanate (FITC). The proportion of cells presenting CD4 (MCA 55F, Serotec, Oxford, England), CD8 (MCA 48P, Serotec) and CD3 (U-MR5301, Caltag Laboratories Co., CA, USA) in spleen lymphocytes was similarly measured using a flowcytometer. 
RESULTS
Body weight gain, weight of digestive organs and pH of cecal contents Table 1 shows the results of Exp. 1. There were no significant differences observed in the body weight gain or the weight of the small intestine among groups. The weight of the cecum and cecal contents was significantly increased in the AG and PIDD groups as compared with the CP group. The weight of the colon was significantly decreased in the AG group as compared with the CP and CF groups. The pH value of the cecal contents was significantly lower in all the groups except the CF group as compared with the CP group.
Proportion of K-light chain and IgA-presenting lymphocytes in intestinal mucosa Figure 1 shows the results of Exp. 1. The proportion of K-light chain-presenting lymphocytes in the intestinal mucosa was not different in the small intestine, but K KUDOH et al Proportion of CD4, CD8 and CD3 presenting lymphocytes in spleen lymphocytes Figure 2 shows the proportions of CD4+ and CD8 + -presenting lymphocytes in spleen lymphocytes in Exp. 2. No significant intergroup differences were observed in the proportions of CD4+ and CD8+ -presenting lymphocytes , but the CD4+/CD8+ ratio in the CF and LL groups declined significantly as compared with the CP group. The proportion of CD3+ -presenting lymphocytes declined significantly in the AG group and tended to decrease in the CF and LL groups as compared with the CP group.
Amounts
of SCFA and lactic acid in the cecal contents Correlation between amounts of cecal organic acids and proportion of K-light chain and IgA presenting lymphocytes in cecal mucosa Table 3 shows the correlation between lymphocyte responses in cecal mucosa and amounts of SCFA and lactic acid in the cecal contents based on the data obtained from Exps. 1 and 2. There were observed, respectively, significant correlations between propionic acid and is-light chain-presenting lymphocytes and between lactic acid and K-light chain and IgA-presenting lymphocytes .
DISCUSSION
Past studies on the relation between the immune system and dietary fibers predominantly dealt with in vitro studies or intraperitoneal injections, and only very few studies examined the effects of oral administration , leaving a great deal to be elucidated. The studies on the effects of DF on the intestinal immune system , in particular, have only recently been started. Lim et al (15) recently reported that the IgA concentration in mesenteric lymph nodes (MLN) increased by pectin administration as compared with cellulose, which was used as the control . They observed that the proportion of MLN lymphocytes and CD4+ T lymphocytes in spleen lymphocytes and the CD4+/CD8+ ratio respectively increased in the group administered pectin as compared with the control group , and suggested that DF may be responsible for modulating the intestinal immune function .
In this study, we demonstrated that the oral administration of some kinds of IDS increases responses in the proportion of K-light chain and IgA-presenting Although the effect of lactic acid on the immune system is not known , there are reports that some lactic acid-producing bacteria have an immunopotentiating function. Bifidobacterium is reported to enhance immunopotentiation by increasing IgA antibody production in vitro as well as in vivo by oral administration to germ-free mice (22) (23) (24) (25) , and Rao (26) assumed that changes in intestinal microflora by dietary fibers affect the immunological functions .
We observed, in this study, that the oral administration of some types of IDS affect B lymphocyte differentiation and proliferation . Peter et al (27) reported that IL-4 (B-cell stimulatory factor 1) and IL-5 (B-cell growth factor 2) participate in the differentiation and proliferation of B lymphocytes . The oral administration of IDS is therefore likely to affect the formation of T lymphocytes and interleukin in intestinal mucosa. Although no significant changes were observed in the proportions of CD4+ and CD8+, which are respectively the indicators for helper T lymphocytes and killer suppressor T lymphocytes in splenic lymphocytes , the ratio was significantly low in the CF and LL groups as compared with the CP group in Exp. 2. This was because of the tendency for decrease in CD4+ and increase in CD8+. Takenaka and Itoyama (28) reported on the CD4+/CD8+ ratio in peripheral blood lymphocytes in a study using hemicellulose , and their tendencies concurred with those of splenocytes in this study . As most of the CF used in this study consists of hemicellulose, it is assumed that hemicellulose acts to lower the CD4+/CD8+ ratio in lymphocytes. However , Lim et al (15) reported that the oral administration of pectin increased the CD4+/CD8+ ratio by increasing CD4+ and decreasing CD8+. This discrepancy is probably due to differences in the DF type . While it is not clear how IDS affect spleen lymphocytes , if changes in the amounts of SCFA and lactic acid in the cecum are reflected in their amounts in the blood , i t is possible that they stimulate the differentiation and proliferation of lymphocytes . Alternately, changes in intestinal flora and SOFA in the cecum may improve the intestinal environment, which in turn improves the environment in the body and thereby changes the whole body immune system. This study thus demonstrated that B lymphocytes in intestinal mucosa show 
